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PREFACE

This report documents an air-to-ground gunnery model accamplished
during the period November 1975 to July 1976 at the Air Force Armament
Laboratory, ArTnent Developrent and Test Center, Eglin Air Force Base,
Florida. The work was in support of JON 2543-01-10.

The original version of this program was developed by the Operations
Evaluation Group, Center for Naval Analysen, Washington, D.C., in August
1969 (Reference 1). Since this time, the progranm has been extensively
modified and updated to include the most modern. techniques available.

This technical repor-t has been reviewed and is approved for
publication.

FOR TIE CO1MAND11R

iehif, Analysis Di ision

PIARNCP?
Me -o
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SECTION I

INTRODUCTION

This is a computer program which simulates air-to-ground gun
effectiveness against a stationary target. The impact points of
the individual rounds are correlated, and a Monte Carlo method is
reqLred to determine the probability of hitting a rectangular target
with one or more rounds in a single burst. The model assums that
gunnery is a stationary Markov process and that the airning and
ballistic dispersions are independent in the range (along the flight
path of the aircraft) and deflection (normal to the flight path in
the horizontal plane) coordinates. The guns are assumed to be fixed
(no, opposed to guns turreted). The strafing aircraft flies at a
constant airspeed and dive angle from a specified slant range.

1



SECTION II

GE2EPAL DESCRIPTION

This is a Monte Carlo simulation program which determines the proba-
bility of killing a ground target from an aircraft equipped with a
machine gun firing a single burst of N rounds. The individual aimpoints
cannot be specified in advance; therefore, the program assumes that
successive aimpoints are correlated (Reference 2). The aimpoints are
normally distributed about the center of the target. The program ftirther
assures that ballistic dispersion is present. Thus, the ih round
not at its aimpoint but at some point nearby.

The target assured in the program is the rectangular projectlon of
the real target on the plane normal to the line of flight of the attack-

ing aircraft. Distances are measured with respect to a range-deflection
(R, D) coordinate system. The origin is located at the center of the

target, and the coordinate axes are parallel to the sides of the target
(Figues 1 and 2). In real life the target will seldom or never be
recta-gular in shape, but the projected target can always be approximated
by a rectangle. The target length, L, is measured in the range direction,
and width, w, in the deflection direction. The slant range is denoted
by s, c is the aircraft speed, and R is firing rate in rounds per minute.
The slant range decreases for each successive round fired, thus increasing
the apparent size of the t "rget and causing a corresponding increase in =

hit probability. In addition to the above, the program inputs include the

maximum nu rber of rounds per pass (FN), the number of Monte Carlo itera-
tions to be made (F), the burst length print increment (DN), the maximum_
standard deviation of the mean (E), the probability that the gun jaris

(PJAM), the number of gun system (GUNS), and a tine-to-rate table for
a Gatling gun effect.

To determine airpoint error, le (El, Dj) be the aimpoint of the ith

round, a-nd let (ri, di) be the point at which the round impacts. Further,
let si be the slant range at the instant the ith round is fired. Then

from Figure 2 it can be seen Ri - siai and DI -' sift; expressing the angles

in rils, Ri 5 0.001 siai; and Di - 0.001 sial. The pro)gram uses the two
angles aj and $i rather than Ri and Di. These angles ire computed by
employing a random nurber generator. The angle ai is n random normal
var- able with mean zero and standard dev.ation oa, and 8i is a random normal
variable with a mean zero and standard deviation 08. Ballistic dispersion
is cetermined similarly. Two angles -i and 61 are deflned so that (r i - Fj

- 0 001 slYi) and (di - DI) a!0.001 si~i . The angle yj is a normally
discributed random variable with mean zero and standard deviation a ;
s i is a normally distributed random variable with mean zero and stardard

deviation a6. The range component of error is considered to be independent

2



Figwe 1. Tar'get Gceretry

(fl1,D1 )

Figure 2. Slant Range Gct")



of the deflection component. Also, for all I, J -.1,

EVcia) = al-JGO

and

E(6 = blI - 1 j 0 2
iJ8

These two relationships characterize the programs correlation feature.
The numbers a and b are inputs that determine the correlation between
ainpoints. The correlation in range between consecutive ainpolnts is
given by a, and b is the corel ion deflection, The correlation in
range between the Ith axq the jt airrpoint is ali - -and the correlation
in deflection is bi J . If a = b - , then Ri R and Di = j for
all i, J -N. This occurs in the salvo model where every round has the
same ai1rpoint. If a = b = 0, every aimpoint Is independent of every
other airpoint. The general case will be ihen a and b lie boween 0 and 1.
It should be noted that if Ii - J becomes large,

ali - J! -- 0 and bli - J -, 0

and the correlation amrps out.

The correlation coefficient in range is a, and b is in deflection.
These values can be Input into the program if they are knoe n. If the
correlation coefficients are not known for the particular gun system
being analyzed, the program will calculate them based on the following
equations:

a = e -1.5T _3T2

and

b = e -0.25T'4 _5.35T 2

where T is time in seconds between rounds.

in the computation of the target kill probabilities, each iteration
of the Monte Carlo process represents one pass at the tar['et. The
attacking aircraft commences firing at the start of every pass and con-
tinues until one of the following occurs: (1) a killing hit has been
scored, (2) the gun jams, or (3) N rounds have been fired. When a gun
jams, the niurber of guns in the system is reduced by one. Terefore,

14
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there is a corresponding reduction in rate of fire. If a jam occurs,
the firing loop is exited and a miss is recorded for calculation
purposes. Each round has a conditional kill probability (PHK). This is
the probability that a hit kills and it has the same value for every
round in the burst if only one conditional kill value is input. A con-
ditional kill value can be input for the beginning of the firing run and
one at the end. If this option is elected, the program will do a linear
interpolation between the beginning and end conditional kill values for
each round based on tirre into the burst. The progra'n computes an airvpoint
and a point of impact for each round and assesses damage by testing to
see whether the round hit the target and if so whether the hit resulted
in a kill. The final probability of kill is set equal to the nuber of
successful passes divided by the total nuber of passes.

I

I

I

I
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SECTION III

MATHEMATICAL PROCETRES

The final solution is obtained as shown in the flow chart and
the following mathematical procedures. Before starting the fi st
iteration for the first data set dummW passes are made through the
random number generator.

For each Monte Carlo iteration there is given the standard devia-
tion of the aim error (oR, OD) and the airpoint of the (n - l)st round.
There are also two Gaussian-distributed (mean = 0, standard deviation
1 I) random numbers (c, y) selected, and the ainpoint of the nth round

(Rn, Dn) is datemdined by the following relations:

for the first round (n- 1), then

Rl = aROil (.)

D -D (2)

b = -l+ Ina , n#l (3)

Dn-bDn - 2'/2
n-I + OD(l-b ) 'n, nl (4)

where a and b are the correlation coefficients in rang and deflection
and Rn and Dn are the respective range and deflection atipoints for thenth round.

Equation (3) may be rewritten so that
n

[anl', + -a an l

and Equation (4) may be rewritten as

n
D D bn-llI + (l-h 2)1 / E bn-1, (6)

i=2

A
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Then it can be seen from Equations (5) and (6) that

E(Rn )  E(D) 0 (7)

2 2 (8)E(Rn)UOR2! 2
E(D 2 ) a D2 (9)

E = eRa in (10)

E(D D) = oD2b Im-n! (ii)

Therefore we have a process where each aimpoint is normally distributed
with mean zero and standard deviation OR, oD. We also have a process
where the correlation coefficient bqtwen the nth and the mt h round is
aln-ml in the range direction and bIn-mI in deflection. Wen a and b
equal zero or one the process degenerates into the independent or salvo
cases, respectively.

':ext, the target size must be considered. The target dimension
(Z, w) is given with the firing rate (R), the aircraft speed (C), and
the initial slant range (S). From these the half-target size (in mils)
is determined for the instant at which the nth tourd is fired using
relations:

1/2 (12)nt 60
S- (n-l)c(R) (1.688)

1/2w 60 (13)

S - (n-l)c(-) (1.688)

The aiapoint for the nth rotmd is then checked to determine if it is
within three standard deviations of the ballistic dispersion (BR, 8D)
meastued from the target center, or stated mathematically,

'-



I•I /21n + 38R (14)

IDnj !1/2w + (15)1

If the airpoint is not within three standard deviations of the ballistic
dispersion from the target in either coordinate, it is assured that the "
round missed the target and the aimpoint for the (n + 1)st round is then
couputed. If the aimpoint is within three standard deviaticns from the
target in both coordinates, a Gaussian-distributed random nu rber (6) is
determined and checked to ascertain whether the round falls within the
liidts of the target in the range coordinates.

In + OR < /2 (16)

If the round does not fall within the target limits a miss is assumed,
and the aimpoint for the (n + l)st round is computed. However, if the
nth round does fall within the target limits in the range coordinates
another Gaussian-distributed random number (E) is selected and the
impact point of the round in the deflection coordinate is determined.
The following check is then made to see if the round hit the target.

zA

JDh + 0Dj <1/24 (17)

If the roune4 does not hit the target the aimpoint for the (n + l)st
round is iet'rrmdned. But, if the ntA round does hit the target, a
un fornly "ributed (between 0 and 1) random nuner (PP) is selected
and compart 1.th the conditional kill probability to determine if the
hit results In a target kill. If Pf% <PP, the weapon does not destroy
the target and the airipoint for the (n + l)st round is determined. But
if PuK IPP, the nth weapon does kill the target. The count (Nh) of
the 9onte 3arlo iterations for which the target is destroyed ib
increased ty one. Also, a counter (JJi) for the next highest mtltiple
(i) of the increrent (AN) in the number of rounds for which the proba-
bility is to be determined is increased by one.

Nh + 1 -* Nh , JJi + 1 - JJi

When a round has resulted in a kill or when the maximun number of
rouinds (N) has been fired without killing the target, the entire process
is repeated until (F) Monte Carlo iterations have been corrpleted.



Finally, the estimated probability of destroying the tart with

N rounds is determined by: r

P (N) -N 16

The probability of destroying the tavet with J rounds is determ ned by:

n _

TI

j - nAN; n [. 2, ...

I

I

1
I
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~~SECTION IV

PROGRAM UTILIZATION GUIDE

The utilization guide for the air-to-surface gun -imulation cor-
puter program is contained in this section. The prvgam variables
used are discussed with input fonrets, limits, and units specified for

: each.

Throughout the utilization discussion, variables which begin with
the letters I, J, K, L, M, N are integer values and are rig~t adjusted
in their specified fields with no decimal punched unless otherwise
specified. The alphanumeric formnats are designated in the description
column of the program set-up procedure. All other variables are in

t decimal or real mode and may be punched anywhere in their columnar field
with a decifal point.

This program has three different set-up procedures of which two will
accomplish the same end result. The third set-up is a plot option only.

The first set-up is a regular run with any numter of cases desired,
and limited only by computer time. The second set-up shows the proce'lnre
for erserating the input data when larg parametric runs are needed.
The third set-up describes the inputs for the plot only portion of the
program and should not be confused with the first two set-ups which also
produce plots at desired.

Figure 3 is a flow chart overview of the gun simu].ation program
with notes.

The regular computer set-up is very simple and straightforward
but the penerate-the-input set-up can be very ambiguous and f,'strating.
When the second option can be used it should yield a 10 to 1 savings In
set-up time. The analyst should become familiar with this option in
order to better utilize his time on large parametric corputer runs and
data requirement deadlines. It is hoped that the following flow chart
will further sirplify the generate-the-input set-up.

T=1NG

The program run tire is based on a number of' variables in the
program. It is not possible to figure the exact time required for
each run. Wien the analyst becomes familiar with the program it will
be easier to estimate the required run time based on the following
equation:

FU4 TIM - MCI ' N ' (NO. OF CASES) * .000159

10



where MCI is the number of Monte Carlo iterations

N is nurber of rounds fired on each burst.

After calculating the estimated run time for a given set-up it is
recomended that more time be added to the job card if the run tine
is not a limiting factor on the corputer system.

INFUTP/OUTFUT

Input and otvput are discussed in detail in Sections V, VI, and
VII,

)I

III
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ISECTION V

FGULAR OCMPUTER RUN

SAMPLE PROBLEM

The effectiveness of a strafing tactic for a 150-knot aircraft with
a firing rate of 4100 rounds per minute is to be analyzed. The pilot
commences firing at a slant range of 1000 feet and fires a single burst
of 120 rounds at an 11.74 x 1l.74-foot target. The standard deviations
of aiming error are 4.24 mils in range and deflection, and the standard
deviations of ballistic dispersion are 1.39 mils in range and deflection.
The probability of kill given a hit for the first case is a three-round
mix with the ammunition belt having four roumds with a PHK of 0.012,
0.016, and two rounds with 0.020, 0.024 and one round writh 0.006, 0.010.
There are two probability of kill values in each case. The first value
is the probability of kill given a hit for the beginning of the buarst,
and the second value is for the end of the burst. The computer does a
linear interpolation between these two values based on tire into the burst.

Table 1 contains the description for setting up arkv regular computer
run. Table 2 is a sample set-up of the case described above. Table 3

*is an output listing of the input data. Table 4 contains the final out-
put probability of kill for only two of the cases. The first case was
at 1000 feet slant range and 150 knots. The second case shown in Table 4
was for 1000 feet slant range and 350 knots air speed. The second case
has been included to show the analyst what happens when the conditions
become unrealistic. This feature saves paper and computer time. Figure
4 contains the probability of kill for the first six slant ranges. Card
2 in Table 1 indicates the number of cases plotted on one graph.

The required time to run any given set-up is descr.bed in Section IV.

1I 14
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t
TABLE 1. DESCRIPION OF IHE ST-UP FOR A EULAR COMPTE RUN

Card Coluims Variable Lmirts Dpscripj _ _ _

DFSCRIPTICY OF "M' -'JP FOR A FLTL Jfl Oa L.E"1 , F '

1 IPLOT 0,12 0 = '1 plots
I = Plot option has been turrned on
2 ? :Stand alone plot (see PL' ,Y!LY S:T-t2)

2 IOPT 0,1 0 = Revular computer run, leave IOC Lia.)

I Data will 1e generated (see GF9A7 -

7T ir TJr SET-UP)

3 IC) 0,l 0 = Do not execute the generated np)ut
data

1 = Execute the generated input data
(see G~r-.RATE '- TPLU DATA !ET-uP)

4-5 -I1S 1-0 Jurber of burst lengths to be plotted

6-12 IPILT(l) Time which burst leng.th should be nlotted decimal

13-19 IPLfT(2)

69-75 IPLB(lO) Tenth burst length tir, deciral

NOT: Cari I in 'cssa in the set- up even when all t,- _)ptions are

2 i-5 I5LAIT 1-6 if IP10T - 1, you must Input the n.rber
of Slant ranges to be plotted on one

rraph. If no lots arl wnted, this card
ru ',t be omitted R the net-up.

3 1-60 TIT. Title or greral infomratton (alpha-
numric data)

61-70 DIV A -90 Dive -v.'le - for identlf.cation onv Dw1

4 1-2 D(11 1 Adrss r 1

3-10 A 10, -l Correlation coefficient in renm bet..,een
consecutive 4ipoints.

]Ol'E: A value for the correlation coefficlent s corruttel
in the pro-yar, for each round. This parameter should
be set to zero if J11 - 1 on carel 24.

t
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TABLE 1. DESCRIPTION OF THE SET-UP FOR A REULAR COMPRMR RUN (CONTIVM)

Card Colmrs Variable Limits Description Units

10 1-2 D(7) 7 Address -7

3-10 n Slant range at the beginning of feet
E firing ruin.

1-2 D(8) Address 8

3-10 R Ping rate cf gz I n s perminute.

12 1-2 D(9) 9 Addzvass = 9

3-i0 C Aircraft speed enots

13 1-2 D(10) 10 Address - 10

3-10 N Nx-ber of -ounds fired on a single declra!
pass per gun.

14 1-2 D(ll) li A,]1rzs -- zId

3-10 HTTYPE 1,2,3 Nujtger of tITes ef -oi:.:ei belts. Zet
equal to I if no mrnxed belts.

15 1-5 ilmy(1) Blank-N Number of consecutive rounds using
this conditional kill probab .ity.
If left blank the prram sets
T"7 (T) equal to M.

6-15 CPl(l) StartIng value for the conditional
kill probability - if CPU 1z leftblank, CPI(I) is used for all rounds.

16-25 C.,I() Pd value for the conditlonal kill
probability. Ir an end value Is used,
the program does a linear interpolation
between CP1 and CPN basnd on tine.

NOE: Repeat card 15 1TI'YPE times.

16 1-2 D(12) 12 Address - 12 A

3-10 L Target length feet
decima I

17 1-2 D(13) 13 A-1dress a 13

3-10 W Taret width feet

A

17

•- -- - -...... - ..... ... - -: .. .- -



TABLE 1. DESCRIPTION OF THE SET-UP FOR A REGULAR COM fThR RUN (CONTINUED)

'arld Co" tri Varable rimits DescrpticM. Units

id 1-2 D(la) 1 Address 14

3-10 F 200-  Madnium number o' t nte Carlo iter-
at Ions.

1 1 1-2 D(15) I SAddress = 15

3-10 II uner of dumiw passes Jhnoup random decimal
numiier generator,

20 1-2 :CI. Address = 16

3-10 ai Tncremnnt in hurst lenw-'.

1:uh Th is ccntrol3 the number of lines that will be printed; i.e., 1
will -auz-e -be rrinter to urite out a data line for each round
in the bjrst.

2 1-2 D(17) 17 Address = 17

3-10 £ Desired maximum value of tie standard
deviation of the mea .,

22 1-2 D(18) i8 Address. = 18

3-i0 PJA'- obabilitv oF the ;-in

23 1-2 D(19) 19 13

3-10 G. S Nu-ber of gun s:stem .o t- inalyzed.

'IryrE: The -ro,-ram computes a final probabilitv of kill bared on the
total number of gun svstens.

24 1-2 b(20) 20 Address = 20

3-!. JI.M 0,1 9 = indicates that you have inDut sOrm. decimal
courrelation value in cards Li and 5
other tharn zero and om. t cards 25, 26
and 27.
1 = indioates you have a za-ro in cards
4 aid 5 and plan to inp'ut a tinr-to-rate
table for a latling oai by ompletine
cards 25, 26 and 27.

2 1 1-5 NOT < Nurber of pairs of entries for the time-
to-rate table for a Cat~lint ura..
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TABLE I. MZqCRIION OF THE SET-UP FOR A RMWLAR COMTER RUN (CONCLDED)

Card (WlULVR, Variable Limits Description Units

26 1-8 RD(1) :iurber of rounds fired at TIM= (1)
9-16 Pr<2) Nurber of rounds fired at TIM (2)

3 cards RD(NOT) Hnzber of rmunds fired at TIM (NOT,)

NOTE: If JIM 1you can have Is cards f3, typical for card 27 also.

27 1-5 TnE(1) Time to fire !RD(1) rmunds
6-10 TI]E(2) Time to fire FD(2) rounds

3 c"r~ 'flN(NOT) Tjir to fire RD(NOT) rounds -

28 BANVK CARD AT UD OF EACH DATA Sr'

NOTE: For multiple cases, include the title (card 4) and any
parameters that may change from card 4 to 28. Cases
ar un~irited. If the time to rate table (cardo 25,
2(', 2') is changed, the conditional kill probability
(cards ,.4, 15) mst also be repeated.

II-
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TABLE 3. FEPRP? LISTIJ4G OF INPUT DATA FOR A RUL oaIRr RUN

"ICJTN8!T4 ..... 1 20 30 40 50 60 70

10 4 .5 1.0 1@5 2.06
3 SAMPLE REGULAR COMPUTER RUN * 15

4. Z#
5 2 S:°

4 .24

0 0 1.39

fi1 1 3Ik0,~ 9 15

±5.012 .016.162 .Z ,02db

• t Is t'" .o740

16001

0.0 10 0 51.0 120.0
0,00 *1 1.0 2.0

. .Lt - 10 FT SLONT RANGE
F 2 00.0

4" .OIL c

2 .0 3

TJTLE -o FT SLANT RANGE

6. 00 FTSAT AG

46 T "1000 FT SLANT RANGE
to.. p 'It 3. . . .

46 + S .. ,6 .010

1 :0

It

TITL - 1O00 frT S LANT RANGE

224
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TABLE 3. ET LISTING OF INPUT DATA FOR A WGAR CM:UM RUN (IUMM)

NPUT DATA---------
Alto Noe 1 .0 20 30 to0 so 60 70

22O .s026

70~a a. .1012

5 TITLE - 3000 FT SLANT RANGE

7 3000.0f? 11 3
To 4013 4017

U 11 .010 .01 '
2 .018 0022

It I .0116 .010

OTTITLE - 3000 FT SLANT RANGE

7 4000.0

S.016 014O1 00OO .009
TJTL E - O 500 FT SLANT RANGE

90 .00,

11 .010
E 2 *016 01
is1 s .00

t[-000 FT SLANT RANGE
6 0 o*
is 0056 0090

02 *0143t

I .003 .00

3 T'TLE - 1000 FT SLANT RANGE

6000.1

101.01

11 TITLE - 1600 FT SLANT RANGE
5. 00 1

11 i 3

ST1TL;- 200 FT SLANT RANGE

2 023



tI

.4

TABLE 3. REPENr LISTING OF INP!YP DATA OR A REGULAR 'MiiPUTI" %.m (CONCLUDED)

XH~f ATA .....-

Lo10 20 30 40 50 to 70

W1 :11 : I il -
L4 06 .010

I IJTTLE- 6100 FT SLANT RANGE

10 4 007 011

151 21 .1 .02.

S .005 .00

016

b T TLE * 2000 FT SLANT RANGE
16' 211121

S29

177 TZT& +- 4000 Ft SLANT RANGEIt

t 14 00181 ,01A17

le 4

TjE :81 FT SLANT RANGEit. 3

6 909 Ai3

26
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TABLE 4. O'JTPUT

SAMPLE kEGULAR COMPUTER RUN

t ~ AIM ERROR BALLISTIC (ISCOORDINATE (MILS) D ISPERSION ("IZLS)

RANGE 4.2 .4

DEFLECTION 4..2 L.4
AIRCAFT SPEED (KTAS) a 150.
TA STATE FIRING RATE PER JUN (ROD 5INI) o af0.
ANT RANGE AT COMNlNCEME TOF FIRING RUN FTI U la

NO OF ROUNOS PER PASS PER GUN = 120
PROBABILITY OF JAMMING .00100

TARGET LENGTH (FEET) a 11.T
TAP.GET WIDTH (FEET) 11.7

NUMBER OF MONTE CARLO ITERATIONS 500
NUMBER Of E NPTY PASSES THROUGH RANDOM NO. GENERATOR5 t 0
NU4BER OF GUN SYSTEMS CONSIDERED I

PROBABILITY OF TARGET KILL Z .786
STANOARO DEVIATION OF THE MEAN z .0183

COND TIONAL CORREATIONMO. OF K LL CONSTANT SLANT KRIL

RDS/GUN PROSA8ILITY TIME RANGE OEFL RANGE PROBILITY
1 .012 .1900 0.000 0.000 M . 0446

2 .01? 1964. .9753 .3 :012 L26 .97 :311,46* 81

4 .012 .2292 .975 .951 942. .O ?

S .0 0:14'. 6 975 .9 1938. .0 4
934* .03*

a .013 94.6 .915 .951 2S9
• 013 &3L12 ,5 91 T

1?~. 3 32b :35Rt
.3604 :R .. 0

13 .02o . 975 .951 o,. .114
14 :174 9 .5 90
15 e013 e*39 ,67
16 e013 .4260 ,975 . 820
17 e013 .4424 4975 .951 as8. ,136
1s :S3 456 .984. *

19 S1  .4752 99,71 :11 SS* M
20 :.4916 .975 .951 76: .IT

.5080 .975 .951 o14

257:,9173,97 13. : -a
:59 .95 1 s 851.

it. 975 * 51 646f
0. @229 .975 4It 842. 0#

913 :~ 975 1~ it. lit:0
11o87' :9TS 018be6

• $ll 7046 *09' 422a
14 a .979 0 L70

.14 a 1 14j,

,06i4 7 It' ;;1: ,42

44 e a 8852 .38t7 0
75 .1111 *i :31

4t : It3 4*

.4 075 5*1 ?136

51 L04 190 '6 Ilk9~ 7390 .442

j 27
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TABLE w4 rTPm (cc*TriNuED)

CONDITIONAL CORRELATIONMO. OF K LL ONSTANT SLANT KILL
ReS/GUN PROBABXLITY TIME RANGE OEFL RANGE PR09ABILITY54 .022 1:0435 ,978 ,954 716e o4481 5 .978 :154 7 0 06 54 1.o25 .978 4 738. 6461

0728. .b
57 .014 1,0870 .978 .954 725. .464
58 .014 1.1014 .978 954 721. ..7Z
59 .014 1.159 .97 :954 17. .. 76
60 .01 1.1 0' .978 .954 714. .78
61 .022 1.1449 .970 .954 710. .486
62 .022 1.1594 .978 .354 706. .50Z63 .008 1.1739 .978 .954 703. o504
6. .014 1.1884 .978 .954 699. .506
65 .016 1.2029 .978 .954 695. ,518
66 .01 1.Z17 .978 .954 692. .524
67 .01. 1.319 .978 .954 68, .531
68 .DZZ 124.64 .9?8 .954 h6. .53
69 .023 1.Z609 .978 .154. 681. .550
70 0009 1.2754 .978 .954 677. o5547Is 1.:k 99 ,8 :4g 673,51

7 81 11043 8 , , 56
73 .015 1.3188 .978 .954 666. .566
74 .015 1.3333 .978 .954 662o .572
75 .0Z3 1.3478 .978 .95 6;s
76 .023 1.36b23 .978 .954 6 .59
77 .009 1.3765 .978 .954 651. .598
78 .015 1.3913 .978 .954 648. .598
80 le4RIJ .978 .5 64'. .598so :115 1.4U3 .978 .15 660. .601681 oO1S 1.436 .978 .954 637. .612
82 0023 1..493 .978 .954 633. .61603 23 1.46J .978 5. 629. .618831 1:47 3 .978 ,154 626. *618
85 .015 1.6926 .978 .956. 622. .624
86 .015 1.507 .978 .954. 418. .628
7 .01s 1521 .978 .954 615. .634

85 .015 1.!362 .978 .95' 611. .63889 0023 1.5507 .978 .9S4 607. .644
90 v023 1.5652 .978 .956 404. ,65091 .00 1.5797 .98 .9J4 i00. 6S
92 .015 1.5942 .978 .9 4 96. .65'
93 .0is 1.6067 .978 .954 593. .6589 .015 1.6232 .978 .9S4 j89. .662
95 .015 1.63 77 .978 .956 585. .668
96 .023 1.6522 .978 .954 582. .6849? .023 t.6667 .978 .954 578. .690
98 .009 1.6812 .978 .954 574 .690
990 pis 1.695T .978 .254 .612

100 005 Iro ? 94:
101 .015 1.7246 .978 .954 563. .698
102 ,015 1.7391 .978 .954 560. .702
103 z&- 10,36 :911 :9J4 Tic104 &00? 107681 0970 94 552, 0716
105 0010 1.7826 ,976 ,9s4 S49. 0?16
10 *016 1.?971 0978 .954 565. 9726
107 .016 1.8W6 9788 .,JI 
108 .016 1.8 61 .978 ,956 531:
109 .016 1.840b .978 .956 534a .74
110 .024 104551 .978 .9S4 530. *?So
111 .0?4 1.0696 .978 .954 527. .75411 .010 1.884. .978 09 6 523. 0756
113 001h 1.8986 .978 .96 g19. .760114 ,016 1.9130 4978 l 51676
115 .016 1.Z75 .178 : 14 L2. o7"
~11 :0 4 1 b~~ .97 945177
11, .024 1.710 .978 .95 .778
119 .010 1.555 .978 91, 4 .780
120 .O16 2.0000 .978 4 4 4. .78

28
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TABE , 4. OUTPUT (CONINUED)

TITLE - 1000 FT SLANT RANGE

AIN ERROR BALLISTIC
COORDINATE (NILS) D ISPERSION IMAILS )

RANGE 4.2 1,4
DEFLECT ION 4,2 194

AIRJRAFT SPEED (KTAS) =350.
STEADY STATE FIRING RATE PER GUN (ROS/NIN) : 4100.
SLN ANGE AT COMMENCEMENT OF FIRING RUN (FT) * 1000.
NO. OF ROUNDS PER PASS PER GUN * 120

OABLTY OF JAMMING .00100

TARGET LENGTH (FEET) & 1,*7
TARGET WIOTH (FEET) . 11.7

NUMBER OF MONTE CARLO ITERATIONS = 200
NUMSER OF EMPTY PASSES THROUGH RANOOM NO. GENERATORS = l0
NUMBER OF GUN SYSTEMS CONSIOERED I

PROBABILITY OF TARGET KILL = 1.00
STANOARO DEVIATION OF THE MEAN a 0.0000

CONOIT IONAL CORRILATiON
NO. OF KILL CONSTANTS SLANT KILL
ROS/GUN PROB A BI,.ITY TIME RANGE OEFL RANGE PROBABILITY

.016 .1800 0a04 0:0,04" .010
:0 *9b4 .97 .91 a?025

00A *:128  .9S .951 874: ,030

,1,45 o2456 75 .951 855.

:i[ :j! :1 1 t if.645.
a .017 .29168 97S .951 826. *0C5. ::9 . 06.

13 .025 ,.975 78 .155

13 ,00,60 ,975 .951 777. .iSst :11) "9,6.+ :31 Aft 771: :01 1
16 .80 .1.424 .9,5 .951 739. .12,
,.0, .4.596 .975 .951 729,.

:115 072 75 :91719. :20 1"W J
0025 ,16916 ,975 &9S 710. ,260

I 011l t508c0o975 ,*9sl 700, .270

:817 o50 : :1
•.017 .5572 ,95 .9;1 671.•.O17 .557Z .975 .951 61. l
OJ7 .5736 ,gS 09St 661, I/

.62 1 642. .3
28 11 .622 a75 .951 632. .3H ~ t 111 1111l~ !l

o187 ,7'. 975 .951 $93e
37 * 19.7774,1 445.ot ;? ,975 -:, 44

:16 .:B:i!,64 .,,,

33E ,05 6?4 975 b 54:.o5 .,,o, ..+, :11174 :144
$4 1016 97 :61 440

6 316o .7540 .9 95 6. .421

37l Is, 7" 7
47 .612.975 .)51 5.6 6935

4I 1N 0 1 1.111:M 37 11448o
oS0& ,9?5 ,951 4311. S25

.4 :1267 95 : 4 0 ;3
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rfm-'j,; 4. OUTPUT (CONC.I1DE))

CONOJIIONAL CORRE AIJON

NO. OF KLL CON ANTS SLANT KILL

Ru5/GUN PROBABILITY TIME RANGE DEFL RANGE PROBABILITY

9' 4026 1.o035 .976 ,954 3 44 .555

55 .026 1.0580 .978 .954 375. .565

96 .012 1.0725 .978 .95' 366. .575

57 .a8 1.0870 .978 .954 358. .80

98 .018 1.1014 .978 .9i4 349. .585

59 .018 1.1159 .978 .954 341.

60 .08 1.1304 .978 .954 332. M

61 .026 1.1'49 .378 .954 324, .595

b2 .026 1.1594 .978 .954 315. .605

63 .012 I.1739 .978 .954 306. .615

64 .018 I.1884 1976 .54 298. .625

b5 .018 1.2029 .976 .954 289. .635

6h .018 1.21?4 .978 .954 281. .650

67 .018 1.2319 .978 .954 272o 655

68 .026 1.2464 .978 .954 26. .660

69 .027 1.2609 .978 .954 255. .675

70 .013 1.2754 .978 .954 247, .665

71 .019 1.2899 .978 .954 238. .695

72 .019 1*3043 .978 ,154 229. .695

73 .019 1.3188 .978 .95 2. .705

74 .01 1.3333 .978 .954

75 .027 1*3478 .978 * 95" Z04. 71

76 .027 1.3623 .978 .454 195. :73

77 .013 1.3768 .978 .954 187. .735

78 .019 1.3913 .978 .954 176. *740

79 .019 1.4058 .976 954 !69. .7j*

80 .019 1.4203 .978 .954 161. .760

81 .019 1.4348 .978 .954 15?. .7b0

82 .027 1.4493 .978 .954 :.44 .770

83 .027 1,468 ...' 5 ,3.7 ,8o

83 ,013 1.4763 . 7 8 :54 1 7, ,785

85 .019 1.4928 .978 .954 118. .785

86 .019 1.5072 ,978 .954 li. 0795

87 .019 1.5217 .976 .954 101. .800

88 .019 1.5362 .978 .954 92. .806

89 0027 1.5507 .978 *,Jc' 75. .810

go .027 1.5652 .978 .954 75. .810

92 .019 i.5942 .478 58. .815

93 .019 1.6087 .978 .954 50. .815

94 .019 1.6232 .978 .954 3t. .815

95 .019 146377 .978 .954 32. .815

96 27 1.6522 .978 .954 25. 825

97 .O27 1.6667 .978 .954 .5 825

98 .013 1.6812 .978 ,954 -z 8oo

99 THE7 978N 48 Z

THE ARRAFT FE NOTETRE Rr7N 6 RUW
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S : t.i I 8EC. '!. AIR SPEE) :50. KNOT .
SA, r'E l'A I 4100.0 ROUNDS/MIN C'VF ANGLE -,.0

2ALLISTIC 51SQ. 1.19 RNGE. 1.39 DEFLECTION
AIM ERPOR 4.24 RANGE. 4.24 DEFLECTIONI .00oo____

0 go

--2 .. .. L-s

oI U I"3,

-A- F

Figure 4.. Fin ~ Oupu __rpl foeua C~u u
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SECION VI

GENERATE THE INPUT RUN

SAOE PROBLFW

The sample for Generate the Input Run uses the sam data as the
Regular Computer Run in order to demonstrate the flexibllty, time
savings and less chance for er.-ors that can be realized through the use
of this technique (see sample problem in Section V for details of problem).

There are five parameters that change more frequently than the other
inputs. They are listed in Figure 5 with their hierarchy. Table 5
describes how to set the job up. Table 6 is a sample coding for the
problem. Table 7 is a REPRNT listing (a computer system rout-ine) of the
input data. Table 8 contains a list of the data generat§dfrom the input
from Table 7. The final output listing is given inT6-Te 9 with most of
the input values included. After the columnar -tles each round is
analyzed for te:e entire burst. This outpq t- the same as the Regular
Conputer Run. Also when the slant ranjgoes negative the computation
stops and prints out a message th -'fhe aircraft flew into the target.
igure 6 is the filmplot output-for the first six slant r_?nge values with

their respective probabillty off kill values plotted.

The time reqetred for any given computer ruin can be calculated by the
equation described in Section IV.
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'1 Ii

AIM 1
ERROR (S) DO 6-,I-,IAIMLAIM > 1, .13

BALLISTIC 2|
DISPESIW (S) DO 6,J=lsIALEMBALE > 1v .<6

AIRCRF 3
VELOCITY (IES) DO 6 ,K=I,IVEL
IVEL > 1, . 12

TARGET (S) 4 ITGTL
iNGql & WIDUi DO 6,L2I, ITMIW
ITSTLITG'W ' I7
SLANT 5
RANGES DO 6,M=1,NSLT(6)
NSLANT >1, <6

Figure 5. Flow Chart for Generate the Input Run

33
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TABLIE 5. DESCRIPTION OF MhE SET-UP FOR A GENJERATE ThM IPUT RUN

an -na 2Taiablf? LlrIdt s Descript Ior Units

T"' 0,1,2 0 - No Plots.
1Plot option han been turnel an.

2 - Stand alone plot.

1 ~, R:~-lar oV~uter rmn.
I - i-,ta -,;I! he rr-atec.

0C (;, T X) rnt o"'r~cute the geera~ted input
1,1. r.5 !- uitel fcr chrcking

bI'-"'m' c b'xT' o-XC ' f, It.

th- .7nnerat'-'i 1!.p-t Jata.

iJ-~ 7 0 rIr '"tur t ~,nnrth c rl.t

wh9-7, t t2" h-plttd sc

~' 1-2 Df ].

3 A ..'3,5 )"'Y lit al-rr"In tn

:T,:: T, a rarr -c~ tle c-t-Aai z) cxv'flclo.t I;c',:r-ute! 1! "h, pmgrar o
*:h ~ ~ ~ ) rounl ) .1 4r~.u']e t f-~I in cari 12.

1 C 1r~ltlnn coeff'Io ien' It: 1~r
)he.-:(-n cons; ec ut,,%, imvo t

a nx Onr- th- cormlatior, coerricient Is c;Yruto:I In t". gr- orl
oo~t,~ ~hr pr~t'~:~ho~i ::t 1t0 Lem li- I or. :r 2

I1



TABLE 5. DESCRIPTION OF THE SET-UP FOR A GENERATE THE INRT RUN (CONTINU )

Card Columns Variable Lildts Description Units

i4 1-2 D(S) 8 Address 8.

3-10 R Pi r ig rate of gun in rounds per inute.

5 1-2 D(10I 10 Addmss - 10.

3-10 N Jurber of rounds rired2 cn a zj.Ie pass decinal
per gun.

6 1-2 D(14) 1I Address - 14.

3-10 F 200- Maximan ntber of Monte Carlo Iterations.

7 1-2 D(15) 15 Address - 15.

3-10 II Number of duJinn passes throug random decimal
nu;rber generator.

8 1-2 D(16) 16 Address - 16.

3-10 DJ :91 Inc.-ennt in burst length.

NOTE: ThIs controls the number of lines that will be printed, i.e., I will
cause the printer to write out a data line for each roud in the
burst.

9 1-? D(17) 17 Address - 17.

3-10 E resired ray.rLun value of the standard
deviation of the rean.

10 1-2 P(I8) 18 Address a 18.

3-10 PJAM Probability of the gun Jamming.

11 1-2 D(19) 19 Address - 19.

3-10 G?!M. NHuber of gun system to be analyzed.

NOTE: The program computes a .Inal probability of kill baseI or, the total
number of gun systems.

35
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TABLE 5. DESCRIMTON OF UIE Sn-UP FOR A ERATE 7rE INPU RUN (CONTINUED)

Camd Coluanz Varlab lo Uidts Deccript lon Unts

i1 1-2 DL(20) 20 Alddrvs a20

ohrthan, zaro and ourdt carft, 141

I 1.ndJlaten You have az-- In cfirdc

a Gatlin, gun by oc ~1otiri jcrdk 13,I
1", [irA Jho.

13 1-5 ly <-Y ?4rbe -,f pc;ir of -ntrif-a for thc
ttrrw-.-ratc table for I Gatling ;Am.

9-1r, ;urv, or rinis~ rinr- tit TM". U

3 ~ud~~)C~r)I~rbtvr or YqD-zv,1 trnmd at 'rU' . "Tr'i

I TTl, Ym, can have 'row 1 to 3 c U-1z f~r 1i riirml-I cf 30 entrio.N~

3 cards TflO:N-r 'fin- to Firtu RtU)(Ncr) vic

1'r Vn or rvcorxd card

Ki- 13 I TAIM 1,' MiJtcr of e~ f ardiinj vrrmr
6-lo MaiB0,, nnWJ W, VaI'' ror thi- f irmt o1.Ldir-d ml1r a A

(A:,iA) f 'k-vW ci'j of the aln, err In rinpi

'x-rlVf I U; ?rnilIt~b ril:

'r., if rlo e-1-1 va,x I, uz-d, t' L, imin valu~i will he, uire- for the
enti_' bwmt 1 - "i ' in eni wtl~r it) 'L..-, thr, prma. will

n,J,:~ ri r 'jer'. m n L" w*-wi t!.- UvtInxr!gq an-Ini rv'alx for

3fj6



TABLE ~ DESCRPTION Uf i1M SM-LF FOR A GD4ME THE INR7r JFUN (COMrIM)

16-30 SV,1%RC1 Aw value for th.e ftsan~dar 4
(WlrA) () deitoo tba air error in defeL

21-25 S;G (1) !e.n i value fr ndr scvi tna d I(BITA)(2) inviaticr ctanm error £ ridefle mote)

'46-30 1(IFA Beo rmirvr -valum for tho thirad stwmdard
ALPHA) (2) deviation ofm te L ror in rwgm

31-35 S1(3 ) 1DI valu" for tve ssoi. :tnnart
deviation aim error in rax e e
S'(D~ JJl Note)

36-40 ST AA Ber~m.nj value for --,s e thir tanwdard
(BETAM() deviation aim error in deflection.

61-65 S Qm (3) rTnd value for the seird stanidardq
deviation Aim rr in deflection,

46-50 Be~~inrir au n t tidsalr
11-16 BAU~~~C2)rieti baimti ror in 4r eiito ml

(WrA.1(i) deationi eor in u aeole sto.
61-65 Ql( d thi stle fo th tid stn owl ~s

29 1-? iBV. 1-2 4ut~r of aersraftballoistices 1~'n

C-0 AL( )Fistbllstcam van&I evato 37i



TABLE 5. DSCRITTON OF IME SE'r-1TP FOR A GDMERATE 711M INP Jf RUN (COwrTNUED)

Cr'i Columns Variak~le Ujrdte rDscription - ~ Units

6-10 VE1(1) PIrst aircral't velocity ko-

( ' FLC 12) Twelfth aircraft velocity

21-2 ITTiM 1-12 N.zter or nrfferent tarp'. .;ts

6-10 MOML(I) Pirst tarv.et length in range

61465 =4~f-"2) TwetIt targrt length In rarsV- ~

22 i-2 ri~e-: 1-12 thijber of larjt,. :Adthq ovlrZg

'-'t Imrt t'srwi't wIdth 'n def-:t . ~ feetI

rT1/5 IUv.12) T'Welth tar~tet wiith Ins df-IlL- tiori fee t

23 i-2 IVZ1L ~2- ?Nvtbcr of crinditiorsl kii, rar .a !n de c LrP

this set - ns.4st (;IAl !1"SLT(l) , cam.

Ifill ratio tables, I.e., wihen card 23 Is r)PP~ted second3 throut
the sixth tijrt thic paranwter ir, omitted. See awrle set iV.I

6_10 NmYHTEl) 1,2,3 1,2, or 3 Jiffer-nt aBvm, typre, w-oly:zed CSOc1.ial
SIn LUumt

l2-l " 1~fl Number of consecutivu rx~ziJruning the deciml1
first conditional kill ratic

I I "T !Ir ! -(l)m 1 0 tv& prgw sets IUMAW(l equal to NIf ?tYPEWl - 1.

IThir, card tyoo is the sw as card 1 in th.: REALURF C'XPLF.ER runI

1 -21. ci Value of thp corditional kill i-atio at
the b.ruming of the burst

21l-25 r(r* If I V Alt of the conditional ki !I ratio at
the eMA of tho burz.t. Th- progmm does a

linear in~terpolation between the begin- *
ning. arvi end values. If nm end condi-
tlromI kill value is 1xmut, the begin-
n~ing value will be Lised N~4tl) erp.
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'Ji;.....L'1jl'l rjl" 'ill ,1,,-UP FOP, A GIMRAiE '1i_ ].PUT R1UN (CgInC.jDED)

Card Columns Variable IAmits Description Units

26-30 NUMV(2) Nurber of consecutive rounds using the decinil
se--ond conditiwal kill ratio. T7his
option will be used in 'T'YPE(l) is 2j or 3.

31-35 CPI(2) Beginning value for second conditional
kill ratio In the mixed round amino belt.

36-40 MN(2) End value for the second conditional kill
ratio in the mixed ro, nd anm belt. When
the end value Is Input, the progra, does
a linar Interpolp.tion between the begin-
nling and end values. If no end condi-
tional kill value is input the beginning
value will be used NM(2) times.

41li-45 NUMR(3) Nuter of cons(icutive rounds using the decimal
thi.a condlti:.1al kill ratio. 7his
option will be used if NTYEtl) is equal
to 3.

46-50 Pl(3) Beginning value for the third condi-
tional VAII rtio In the Yixed roun
amobelt.

51-55 ^ZP 1(3) End value for the third conditional kill
ratio in the mixed round arnm belt. Whenthe end value is Input, the program does
a linear Interpolation between the begin-
ning and end values.

NOTIE: Bepeat Card 23 NSLT(l) times for each additional set ofg5it cral
kill tables (Sets rane fnon 2 to 244). A set is - NSLT(1) or
IKIIL. ,No. of sets required - IAL4*IBALE§VI'ITGTL.

24 1-5 I TSICC I I Number of unique slant rane tables; see
sample set up.

6-10 NSLT(1) 2-6 Number of slant ranges on this card.

NE: NSLT(l) should equal IKILL.

11-1v SLU (l) iirst slant range feet

61-70 SL1M (IKILL) slant range feet

25 1-60 TITLE(i) K)llerith inforration

6!-70 rt this parawter on GENA7 T-T1

-7IN b data set- ..

39
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TAB3LE 7. REPRNT USTING OF TNrT DATA FOR THIE GU~aN17, TE INPrr RUN

is 1. C

t43.c2'

It 1 1.3 .S-.- a)-.r-~

11 ' 21 ~1 . c~ T&I.

14 1, .A rE1 .1GT efL
15 nc I .p

IMG~ STANOAE OWITIO OFAIIG 0LEA'L

1 11.74.

ISCILL CO0NDIT IONAL KCILL TABLr
6 2.0 1..t'012 .0t62.101 .020 *O24'..3O .1C6 .010

ISLK.G tISLT !LANT PANGF TASLE
1 6 141 i3C 30.JO. '.Oco. ;003. 6000.

HOLLEk THIkFCPIAUiOt -- I HOLLERITH r~ikO PER GROUP OF SLANT RANGES
SDMPPL .G N iATE- TH4E INPUT' OUN* c

5091T1')NAL I/P GENER&TEC WITH PPEVI~UUS TABLES P01.40 RCPLACC 3Y THESE TABLES

Ix ILL CuNOJT10NAL KILL rAELE

4 ~ . r i I : " 33.0

..0 .31~ 1.~3 .R 0 9

MKILL CONDIT IONAL KILL TAPLE

11: ": :g. 10 1 *311[Q0 :1012 :its

3: 4.0 f(IC .-)L42.)1;.1
3 6 .,o .9 o.0 ocS .01 0 WH .01 :ell

43



TABLE 8. LISTING OF GENERATED DATA

G, 4 €.A fiV, 110

6
SA*PF r FNVCAT. THc INPUT RUN * -I.

4

6 .34Slei

12;v. It . N

16is I

76 ZC:0.
21

0.06 1.0 5!4 .13 : 121.000
If, Ilq I1.3c :..

C G O v 0 G N FR A T I .T H E I N P U T D UNA M

It 3.C3

SAMPLE f tFNERATE THS_ INPUT RUN ,
7 3094
11

? S3 ,qe'P . G F[' [ A11. T14E INPUT R UH -t" o

I : C42 03

601! P r • GrN P&Tc' THE INPUT ktUN •"€
I.

SAMVL[ E * rNCr~AET. Th4E INPUT RUN * "C,

7.0 IT!u3is .is?

A"Pf * GFNCEATS THE INPUT RUPN * -0.

11 3.

1 O.O0

I. *

SA PL 1 0 .,ONERAT, THE If NPUT RUN • to

32 .

SA L I GC141reATE THE INPUT Lt" 0 o

Is

to :611o

64



Fr !T -TP 
- -N

TAMhE S. LISTING 0OF GENERATED DATA (CONTINUED)

SL M'LE f QLNRATV TMN 14PU
T 

RU-N *-C

21 1.

1 .1

54M6-.E GrPNroATi- Tsr INPUT RUN -c0
4 201. J

2l 3 . 1'

SAMPLE * GENIEPATE- THE INPUT RUN -.

2 t2 ~ *^L6
2 11.7..?

SAMPL E - GEN'F;AT! E M INPUT RUN *C

11 3.14

I4 .C Oil

SAMPLE GFNPIEAT: THE INPUT PUN

5103.00
a. is2 ~ L
2 :412

WeCI .0110

SAMPI f * GPNEPASE TsE INPUY PUN* '

I *07 ell1

SAMPLE * GENEAT THE INPUT PU1N -.

I1 ! .

2i 3.0

I it avb

4iS



TABLE 8. LISTING Of GE\TERATED DATA (CONCLUDED)

* MP F GENER&T THE INPUT 'RUN -.

SAMPLE GfNR ETSlt4PtJr R~UN

'3000.00
it .03

OL .%4L

GIMP k GENEPRAT- TH INPUT R~UN -*

1 (12 C16
2 .cz 1

AM * GENERA! 11 E IfiPUY KLN *-0.

7

c* f

SAM-O -L -- -G.- Tr l~ 14PUI "UN



TATL 9. OTJF-PUT SAMPLE GrNEPATE T -I !NRY7 i *

CCJrINTE AIM F ZRO RALLiSTIC

O:.FLE C T!ON *.z1.4.

4I(PC~FT SPFI:C WI(AS) 12S;TEADY STATE F1RIfG RATE f~Gi ~Sn 10SLAN4T PANGE AT CO?4 EC~n QF FIImILN(TI
W~. OF ROUNDS PF~q PASS WON a 1203- CiAqILITY OF JAM-4ING
TARGE r LENGr'M (FEET) = 1.T 4t ST WIflTH (FEET) = 1, 7

4UP IE Q OF MrN!E CARLO ITERATION3 = 532NUMBER OF EMPIV PASSES TWPOUGH R4NO,1 NO. GENE6kATORS *JUM9FR OF GUN SYSTEF1S CGNSIOEP.'O= 1

P-Wd~A9ILITT OF TAPGET KILL r 4?a 6STA40AF-0 0EVIAT!O( OF THc MEAN = J183

r CNN ~T I r4A L C3.RPE ATIONNO. CF KILL CONS rANTS SLANT K(ILLPOS/GLN PROBOteILITV T IMF OANGE OEFL . ANGIE OROBA~rLXTY

2 .212 I -4 .7 .951 5.0 16
.312 a 2 c"W .1375 . 95L 9'?. *a 225 .Q2J .2L56 .475 .951 938o 0 346 .121 .22C- r9rf .951 91r.*47 .93c7 .27bt. .9715 .95 1 93we. 0'4a .;13 .2C .8 . - 75 .951 925. 60649 .313 .3112 .975 .951 921. '7Q13 .7 3 .6 17 -0?.o .13 .311c :3 7, 93,.0112.321 . 3EV'. 97 .951 909. .09613 .121 4 !76P .95 *1 95 9V5o .114.I-* .)c? .3c!2 .97 *51 9'3. .11b15 .013 . It96 .975 * 951 896. .11816 . ol 3 .'.26 .97s5 .91 892. at134.17 4313 a L, 2&- .975 .951 8ET88. .1318 vg13 'cS 4A .97 .9;1 88.19 ..321 4'752 .97 .951 883. %

22 .JV7 .5241- .475 .951 .18'
232j13 . SAL r .975 9183.01t3 .5572 59' 05~

.% 975 85 51. 85ol .6C6 .9 75 .951 84.*.'28.i7 .622a .975 *951 842?. .5?.013 . 6 92 .975 .951 838. .268.j13 . 6556 .975 .951 83.0.013 . 672 .975 .951 83'. 2.21? . 6 84 .975 .951 826. :9813 .. 7E 1 .975 .951 822. 42 %
: 975 .991 81 7o #31C

27 -±' .7S0 .9 .51 809. . 32Z4614 .786 7 01 .51 .334
11.0 44 .81% .75 * 951 i~ .352

.04.8V1 .975 9 1 79. 35
All ai' W5 .975 .91 .34

h .418.4306

53 .31.. 1.2 .91878? .95t 768..39
47 a , ZZ a ? 4 # .9 5 91 7 6 3 .4
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TA2LE 9. OUTPUT SAMPLE ' GaTRATE TI- INPJf RUN * (CONCLUDED)

CONO&' TION AL CRREI AT ION
NO. Cr s'ILL CONSTANTS SLANT KILL

RDS/G LN PROA3MILITV T IMi PAN(, OEFL RANGE PROBABILITY
Sk. .372 1.As3 .98 954 736. .4.4

5 022 1IF l .978 2.. *'5

97 .31. 1.087 .9.18 .9S 72S. .4.
s8 .31. 1.1(14, .978 *qr 721. .472
'.9 .a1l 1. 1159 .978 .9t * 717. .476

11 I1 0~4 .97IS .95'. 114. .4.'8
(1 .G22 1. Il.L9 .978 .954 710. .46
(2 .322 1.1!,9.. .97R .95. 706. .532

3 .0ci ~1.1739 j7I 347 0.%A(4 j 1 118 .IE84 8 699. .506
65 •. 114 I.2f.9 .978 .95-f 695. .510
fb C14 1.217 4 .970 .954 6q2. .524
E? . 1.2--19 .978 .95.. ~ a. .532E8 .J22 1. z2 .978 .954 6.. .538
(9 .23 1.2(109 .978 .954 681. .550
73 .319 1.2754' .978 .954 b77. .554
71 .015 1.2e99 .978 .9516 6?3. .55672 .315 Is 3r4 7 .978 . 95-* 6?0. .566
73 .01.5 1.3188 .978 .Q54 666. .566-
7,4 .315 1.,333? .978 .954 662. .572
75 .i23 1.34.78 .978 .95' 659. .510
76 .023 1. 3tF 097A .954 655. .592
77 .3c9 1.3768 .9'1 .95. 651. .598
78 .015 1.3013 .978 95* 64.. .5 8

7 A .954. 64a.
81 .11. . ?48 .978 .95. 37. .612
e8 .,.23 1. 4492F .970 .954 6'3. .616

C1 .023 1.E38 .978 .95. 629. .618
t4 .uC9 1..781 .9?8 .954 b26. .618
E5 .015 1.'49Z8 .978 .954 612. .6Z4

: i 57 978 35,614. .628
es .015 1@5362 .978 .954. 611. .638
f9 .023 1.5507 .978 .9q, 607. .6.4

ic.223 1 . ..652 .978 .954 60 '#. .650
1.l .309 1.5797 .978 .954 600. *652

.215 1.5942 .978 .954 596. .654
5. .015 1.6087 .978 .954 593. .658
i4 *)15 1. b23? .r8 .954. 589. .662
C5 015 1.6,77 .978 . 95'. 585. .668
£67 .. 1.6 66 ,97A .954 5a2. &690

.8 .309 1,6b12 .978 .954. 574o o690k .97i5 I.6c57 ,1,71 .954 5 :6
1(0 .015 1.7101 .978 .95. 5D? 6
1 1 .015 1.7246 .978 .95'4 563. $98
1 2 .015 1.7391 .9714 .95'. S63. .721.73 97.99 .?to

1316 1.7681 .976 .95. 55. .74
115 ,010 1. ?t6 .978 .954 59. :75 .

1 1. • b 1,13? .978 .951 52 37.
1 1.8116 .978 954 527. .736

11. .316 1.98406 .97f. .95;0 534. .748
110 .02 1.8551 .978 .95. 530. #F557

116 .31 1,9a4l .978 ,954 5 8. .774.
117 .0?'. 1.965, .978 .954, 5.3 .778

I1 IZ. 10 1. 86 .378 .954 519. ,760
114 *Jib is 9130 ,978 o 95,* 51' :.6

115 .016 1.9715 .978 .95' 51 . .7 7116 Jits 1.9429 .97A_ 311''5* 8.S ,74
1 7 .021 i.9 7978 o954 '.7 ,778I s 0 ZL 1. 9710 ,978 *954, 5 It .778

143 .016 Of ?a . 494. .716

h4
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SECTION VII

STAND ALONE PLT

u ert may be times when the probabtlity of kill values are knon
but ro plots were made. This section becomes a back-up plot option wIhn
this occurs. Te FK'S can be keypunched and plotted with a rdnimun
conjurer and tuni arourd times. Without this option thr: analyst would
have to resubmit the ccputer run with the plot option turned on or plot

the PK's by har.d. Table 2.0 describes the set-up and Table 11 is a ]
ample set-up. Figure 7 is the filWplot output for the stand alone plot, ,

-I

11



TAHI-J. -O T'L2'CkWPION OF 71Ml 2LT-UP FOR A STANIJ ALONlE FLOT

Car,(. Colmaiv Varl able Uft theseftptionw Units

1 IPLOT 2 2 zStad Alonsplotj2 1-5 1COM Description ot h targt

6-10 W0CC Descriprtion of tti* weAporn

1.-20 i' Nwiber of rvunda fied in cre second

21-30 C Aircrw t speed knots

31-40 R Steady state firing rate cf Fpj

"1.0 DVLAircraft d % Angle dogmaes
61-80 BMLTT Burst lsr% i 0cs

61-70 3WE$TL Total rvwmur firvd
*3 1-10 SIaR Standard deviation of ain er-mr in Mile

r-anie

11-20 S;GO Stonduld deviation of aim error in Milo

21-30 8MRA -StandAftd de,~atiwj oft ballistic mils
044Cin ri

31-40 wtpil Staudard devitilx Of ballistic srror mile
in deflection

4' 1-10 cmcoj) Probability of taxpt ki'll for 1000
ft dlAIt i'a~.

11--20 Cw1(2) Pxvbability of target kill for 2000
ft alat iwge

21-30 C7)K(3) Probability Of target kill for 3000
ft slanrt a'ang

31-40Q CPK('E) Probability of target kill for 4000
ft slat r-ang

'41-60 CPI(S$) PrOobilitY Of taGt kill for 5000
ft Pan-t rwng

61-60 CP)((6) Probbilty Of target kill for 8000
f t 0 lant r"

01-70 MCILE I'Abl fo?' this curve on gr,%a
*NDME , nDo&at card L4 for ad~itirAa cur%," on owe rapha.

NO Ntrr A blank card fo11lws the 1lut c~v oard ongp - for atmitional
PIVI~S rspeAt CAMd 2 thnIU a. Itie n'i.ier of plots amu unlind.
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BALLSE rSP A IR 9H2.;ii NO I

S F ADY Fr [ T 4 1C 3. Pcut,DS. M I t DIVE_ #NGLE 0.

BALt- !ST I'1OiSP. 2. RANGE. 2.00 DEFLEC'ION
AIM ER PO 4.24 RANGE. 4.24 DEFLECTION

TARGET '-nC- : P , WLAPON CODE 30 MM
BURST LENGIH4 2.00 . TO'AL POUNDS FIRED '20.

0.60 _ so, r, ",I- II

o.-

loc I \ I

SLAN Rrt OPEN- F IRE

ft- ae 7. F9 mhpt Output Sapis for stand Alone plot
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APPENDIX A

FORTRAN VARIABLE LIST

This appendix contains a list of input, output, and intermediate
FORTRAN variables used in the mathematical conputation overlay 1,0.
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FORTRAN

Variable Description

A,D(1) Corx latit, coefficient in range - input variable.

AT A interumdiate variable used to check to see if the tim-
to-rtte table is ccx-ect.

ALPHA A ra.dam ncmal number used to determine the aim point •

in rage.

AM Intermdiate aim erxw.z value in range.

AM Intermediate aim error value in deflection.

B,D(2),PD(J) Correlation ooefficicnz 5n deflection - input variable. I
EBBTEMP Intenrediate aim error value in range.

BBC Intermediate aim error value in deflection.

BIADD(6) Standard deviation of ballistic error in deflection -

input variable.

BETARD(S) Standard deviation of ballistic error in range - input
variable.

BL' ML Burst length input variable for plot cnly option.

CD(9) Input and output variable for the aircraft speed in knots.

CPK(l) Conditional kill probability, or probability that a hit
kills - output variable.

COJUiT,i2 The nwiber of times the progra goes through the Monte
Carlo loop.

CP ! 1) Ist ccndirional kill value using a rnixed afmi belt.

-YK2(1) 2nd conditional kill value using a mixed ammo belt.

CMK3(I) 3rd ccinditicaal kill nalue using -a mixed amno belt.

l(I) Starting conditional kill value at the beginning of firing
ru n.

CM(I) End onditianal kill value at the end of firing rui.

DC Aim point of the first round in deflectin.

DELTA Randon normil number used to check the ballistic error
in range,
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*4.

FORTRAN
Variable Description

DIVE Dive angle (for infomgrtion only), input, and output
variable.

DN,D(16) Output print incxreent in burst length - input variable.

An interediate value used to calculate time into burst
for each round.

DT Time inc t between rounds in a burst.

DUMY Acts as a return variable to mix the random number generator
not used in computation.

E,D(17) Maximim allowble error for standard deviation of the mean-
input varible.

EPS Random normal nurber used to check the ballistic error
in deflection.

F,D(14) Mdaimmv number of Monte Carlo iteratiais - input and output
variable.

FFM) Output probability of kill for each round (AN).

F )(12) Target length in feet-input and output variable.

FIN2 ,FL(I) Half of targEt length in mils.

FLR2( TU' Half of target length in mils.

FN ,D(10) AttemPted number of rounds fired on a single pass - input
variable.

GAMMA Rand nornal number used to determine the aimpoint ir
deflection.

GMN Interrdiate variable ased to in rennt gun system.

CWS ,D(19) Number of gun system conidered - input variable.

IA374 Numbtw of sets of aiming errrm - input variable.

Ii Initial val.ue of the index for the Mobte Carlo loop.

12,Q Test value of the index for the Monte Carlo loop (0200).
Each iteration represents ore pass at the target.

I4',LN Intermediate variable for burst length inmvment.

59 i
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FORMAN
Variable Description

JST,JSTP The initial and index values for the DO loop that deals
with the 3 belt mix, or 3 cmditimal kill values for
I pass.

K An integer value calculated for each round in the burst.

KN Integer value of rounds per pass per gun - output variable.

L Integer value of the address on the input cards.

LINE Integr value used to determine the njwber of lines to
be printed on a page.

is Integer used in an intentediate calculation of the condi-
tional kill probabilities of a mixed belt set up.

LST,INC Intermediate integer used with a mixed belt conditional
kill prdmbility set up.

N Attempted nurber of rcunds fired on a single pass.

NCASES Number of oases to be plotted.

NEW ,D(15) Nurmber of erTpty passes through random number generator -

input and output variable.

NMLLS Number of kills or successful passes.

NOT Number of pairs of entries in the time-to-rete table.

NSIANT The number of slant ranges to be plotted on one ulph.

NTS Number of burst lengths to be plotted.

NTYPE The nauber of types of mixed belts.

NLM(I) The number of ocnsecutive rounds using this omditonal
kill proability.

PID(I) Input cnditional kill prtbability

FD(I) Conelation coefficient ar=rW in deflection.

PJAMD(18) Probability that the gun Jams - input variable.

PK Probability of twMt kill - output variable.

PK WT(I) An intermediate value used to plot the PK's.
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FO. TRAN I
Variable Description

PM .he end paramter cn the input data card if it has one.

PR4Th The paramter after the address on each input data card.

PP A randam number used to test against the conditicnal kill
value to see if the target was killed.

PR(I) Cm-relatian coefficient array in range.

!yITLf Title for the plots for the plot only optimn in the
program.

Q The updated value for the index of the Monte Carlo loop.

R,D(8) Steady state firing rate per gun in rounds per min - inputand output variable.

PC Aim point of the first round in range.

RD(I),RIPS Rounds per second for stand alone plot.

RSTL Total rounds fired - used on plot only option - input and
output variable.

RPS Rounds fired in one second - input and Output variable
for plot option.

RPSI(J),IR 'The round nuber array for, plotting.

S,D(7) Slant ran ge - input and output

SDPK Output variable for the standard deviation of the wean -
used to test accuracy of probability of kill.

SGDl End input value for the standard ceviation ain error in
de fle ticn.

FGR! End input value for the standard deviation aim error in I
range, i

SIGD,D(4) Standard deviation of aim error in deflection -

±ipat and output variable.

SIGD1(I) An intermdiate arry variable for the standard deviation
aim error in deflecticn.

SIGRD(3) Standard deviation of aim error in, range - Input WI output

SICRl(I) An intermediate array variable for the standard deviation
aim error in range.
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t
FORTRAN
Variable Description

SLR(I) Output array variable for slant range at the time each
rmund is fired.

T (1) Intermediate time array variable.

TCOD "rarget code for the plot option only - input and output
variable.

TD(I) Delta time array between rounds.

7D2 TD(I) squared - this variable is used to find the range
and deflection correlation coefficients.L iW InternediatE variable which caiverts 1/2 the target
length to mtils.

7m Intermediate variable which converts 1/2 the target
width to mils.

TEST An intenmdiate variable used in the look-up table.

T (I) Time value array for the time-to-rate table.

TT Description of the output in 60 characters or less.

TPLOT Pn array that contains the burst lengths to be plotted.

V The variable where knots are converted to feet per
seocnd.

VR An intenediate variable that determines the distance
plane traveled between rounds fired.

W,D(13) Target width in feet - input and output variable.

WCOEE Weapon code used as an input - output vardable in the
stand alme plot.

WJ2,WR2(I) Half of target width in mils.

X Probability that the gur Jan.

xx andam nunber used '.- test against X to see if the gun

d.
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APPENDIX

FJw OW ART FOR OVERLAY 1,0 "

This appendix contains the flow chart for the mathematical computa-
tion section of the gun simulation program. I
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OVERLAY 1,0

PROGRAM RUN

DIMENSION D(20), TITLE(6), TPLOT(1O), PICPLOT(10),
RPS1 (10)

COMMON JJ(1000), FFC1000), SLR(1000), FLR2(1000).
WR2(1000), CPK(1000), TIME(30), RD(30), TD(1000),
PR(1000), PD(1000), T(1000), SIGR1(1G00),
SIGD1(1000), CPK1(1000), CPK2(1000), CPK3(1000),
CP1(3), CPN(3), NUMR(3)

COMMON/ENDDT/IEOF, ITEST, IGO, JIM, IPLOT, TOPT,
NTS, TPLOT

EQUIVALENCE(D(l) ,A), (D(2),B), (D(3) ,SIGR),
(D)(4).SIGD), (D(5),BETAR), (D(6),BETAD),
(D(7),S), (D(8),R), (D(9),C), (D(1O),FN)
(D(11),P), (D(12),FL), (1)(13),W), (D(14),F),
(D(16,,DN), (D(17),E), (D(18),PJAM), (D(19),GUNS)

EXTERNAL TABL1V

DATA -,ARG/5{r

CALL PLTIDV

Figure 8. Flow Chart of Overlay 1l0
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OVERLAY 1,0

PROGRAM RUN

DIMENSION D(20), TITLE(6), TPLOT(10), PICPLOT(10),
RPS1(1O)

COMM4ON JJ(1000), FF(1000), SLR(1000), FLR2(1000),
WR2(1000), CPK(1000), TIME(30), RD(30), TD(1OQO),
PR(1000), ?D(1OOO), T(1000O), SIGR1(1000),
SIGD1(1000), CPKl(1000), CPK2(1000), CPK3(1000),

CPJ(3), CPN(3), NUMR(3)

COMMON/ENI3DT/IEOF, ITEST, IGO, JIM4, IPLOT, IOPT,

NTS, TPLOT

EQUIVALENCE(D(l) ,A), (D(2),B), (D(3) ,SIGR),
(D(4) .SIGD), (D(5) ,BETAR), (D(6) ,BETAD),

(1)(7),S), (D(8),R), (D)(9),C), (D(10),FN)
(1)(11),P), (D(12),FL), (D(13),W), (D(14),F), -

(D(16),DN), (D(17),E), (D(18),PJAM), (D(19),GLINS)

EXTERNAL TABL1V

DATA TARCG/5r4 /

Figure 8.Flow Chart of Overlay 1,0
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BAA
IF ASSIGN 400

YES ILOT=OTO TEOF

i M-

NO -0 P DO 1 1,0

IFI

NO AONE LOTREAD !PLCT
IOPTGNT

NT!)NO AONE LOT EAD LOT

RFAA
IFI



IFI
DIVE

(4).NE YES N

NO CAL EXT ITST 2

sI

IFI

OFiguNe. YESQat tOela , 0atn

NO CL67

aLL Ex I



W -7

Iis
4E

II

IFI

YES L.NE.1

IFI

NO

F

Figure 8. Flow Chart Of Overlay 1,0 (Collnwnud)
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IFI

IFI

Figure~~ 8. F)YoS Chr o vrly10 Cn Irit

NO



READI NOT, RD (I
Iz'1,NOT

I___FIF___

F~gur < j8. N1wCar fOErl.10(~tfid

70()b =ALEI

r NO

____ _ _ _ _ _R_~~-~ ----=D TIM 
___



H

II-D(15

CALL RANG(DLR*, DU14KY)

Va1.688'C

VRn6O.O*V/ (S*R)

N -FN/1-N

i(I).I

Figm 8. Flow Chart of Overlay 1,0 (Continued) -
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IF NNYP
.E. NWI4R1~~ NtUh(l)-JJ*J

LE.

V NO

DO I=1,J3
TI)=.

PIgLu-e 8.Flow Chart of Overlay 1,0 (Contintwd)
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I 
IF

IFI

<CNj = 1.0 YES CK()CIJ

IFI
J = 1 YES CPKI(I)=CP1(J)

IF

L

Figure 8. FJ. Chart o-1 Overlay 1,0 (Continuecd)
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GO TO 490

493

VJSTR = I

IST =S2

BBB=CP1(J)+(CPN(J) -

Figure~~~~ ..FowCat;o'-lr)/ 18 Cn tud

clI i) -(TMF I-,



-RD(I3T-1) )*TPjor(VrrS))

TEMJP-M* (I -JSTR) +BB

I

F~~.gure- 8. YESw Cit (I) OvrlyTEMCotnud

NO



r0
IV

IN-

I~ I K .1INC

a49 5

ICNTI YENIUEJJ

INO

DOSITN INC

CPK(I)CPKI>1

QJ9

Figu B.FlowChat ofOvelay ,0 Cwtiued
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IFI

IFi

Figure Flow Chart~ of Ovra 1J0 (Conti~ud
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rCPK(1)=CPK2(T)

I T JJYES GO TO 500

~ . "c~j(~~~t'~ vcxa: , (o~NO~zd

IF



DO I=LS, LST

CPK(I)=CPK3(I)-

I
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I

BBB SGRJ. -AI4 JJJ -

DO~th.I1 1=1JJJ

8.;R F1 Ciat f 'ICa' ,

IGI00E l=SGISC)(JJ1



CONTINU

TEMPSOO O0FL/S

TEMW= SOO. *WIS

IFI

AII

J

DT-TIM(J) IF FlowE TMato ve~~ , (atni

VS ROUN



w

TD (1) =.

PD()=(I.2-T1(I)

DO 1=2 JJ

DO 1j, J
TD=T .. TDI

Figure 8. Flowv Chart of Overlay 1,) (Contlnrd)
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IF Y:1> Y F/SRl

- e1 =5 0.

Figre . Fg~ Chrt fNO vely10(ciiu

a99 ml

- ~~ ~ ~ ~ W2 (I--~ )- -_ -- .1: _



zI
I ~ DO J=l, JJJ

II
I

FLN=FL2() w2=R2)/ .0-W2 J

FLGT(JR )vT)

FLN2=FL2(J) W2FL2(J)/(.0-

00

I Flurm 59. Flow Chart of' Overlay 1,0 (C'ontinued)
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'1B

s Mc

CALL RANG (DELTA, EPSi

IFI
(AS(C

Ii ?i~~~jre 8. FDLTA, -BEARt orOelylO(0it~ Go To 14
-FLN'4

COTIU

L._(DC 
_,



I __
XX=ANFIX

IFI

140*

I JJKaJJK+
IFI

K=LO t(A)fl99

Figurf 8.low Chart of' Overlay 1,0 (Contlnuc'd,)



DIIF

)CALL RANG UNGS YE
(ALPHA,GA44A)

RC=A-RC4SIGR1 (JI O G O9

*SQRT(1 .O-A*A)

EC=B*DC.SIGD1(J) N=GS YE

*SR(.0-B'B)

AA

170

y

Figre . 7cm artCOUNT1~ , Cotnd

PK-LOT(KILS/87N



SDPK-SQRTEPK
-PK*PK)/COUNT)

F~gue 8 Flo ChrtIF' vra , Cnttd

0 SDP88

2+5



1IM2 
-'N YS F(I=

LR(I)<

NO1
GG I

I - I

17 A,SIGR,SGR11
JIM=* AND YES M~AR,B,SIGD,

sG10SGD1,BETAD

NO

Figre8.Flow alart of OverLy 1,0 (Cntinued)
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- - - I - ~ L ~ ~ ~A

SGDI,BETAD

Figre . F~ TartNOvra1,(Cnnu)

_~~~I WRT (6.,191)-- ~~- -



F(

WRITE (6,222)

PJAM

WR70ITE (6,225)
FL

[WR7ITE (6230)

WRITE (6,23S)

iI

1
NEMP-D (15)

WPTE (6,240)

NEMP

IIGUNS=GUNS+0. 5

WRITE (6,MS)

IIGUNS

WRITE (6,245)

Kj

WRITE (6,246)

SDPK

FtgUme 8. Flow Ciart of Overlay 1,0 (Continued)
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IFI

I IF

Ji= E RT 620

I~x~8. lowC~irt f Ovrla 1, (CCntNDIer1AL



I IF

LINE=78 YE WRITE

Pi~ur 8. 1~~jChar of' Verly ~,(6,185n~ )
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INI
WRITE 6,270

IF IR, CPK~l)

JIM=O. YE
Fi~ur~ 8 Flo flart f Owiay1,0 Contnul)

I 9NO

WRT (6,71

II

SL()+LIN=1 E



00

261

YES TPXOT(L)T(I)/IESF,

CALL LOOKUP+1
II

YESur 8.FowCPir o vely (ocldd

95=J



APPE2DIX C

P0655 PROGRAM LIS7TING

Appendix C contains a ORTRAN program listing of the air-to-ground
,in simulation program complete with three overlays and three subroutines.
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PACAF/DOO 1
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ASW/NFEA 1
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AFSC LIA OF/Code 143 2
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DDC 2
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AFATL/DLY 1
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OF ASST SEC DEF/SA 1
HQ~ USAF/QA 1
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HASYW N /Code 407 1
*US NAVAL PS(MCd401
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AFATL/DLYD 20
ASD/)WP 1
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NSWC/Code GC 1
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HAVW.PNF2/Code 40701 1
HAVWPNEN/Code 1.21
NAVWPNCEN/Code '.07031
NAVWPNEN/Code 4081
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